The properties of long-lived states in nuclei have been reviewed in Refs. [1, 2] , with a particular focus on the K isomers found in deformed nuclei with axial symmetry. These occur when an excited state can decay only via transitions that have a change in K (the projection of the nuclear angular momentum on the symmetry axis) greater than the transition multipolarity λ. Such hindered transitions can be classified according to the shortfall in λ compared to K, termed the forbiddenness and defined by ν = | K| − λ. It is found empirically that the strengths of K-forbidden transitions typically decrease by a factor of 50-100 or more per unit of forbiddenness [3] . This leads to the concept of a reduced hindrance f ν = F 1/ν (with F being the hindrance compared to the Weisskopf single-particle estimate) that typically ranges from 30 to 200 in nuclei where K is well conserved.
Isomers in the neutron-rich nucleus 190 The properties of long-lived states in nuclei have been reviewed in Refs. [1, 2] , with a particular focus on the K isomers found in deformed nuclei with axial symmetry. These occur when an excited state can decay only via transitions that have a change in K (the projection of the nuclear angular momentum on the symmetry axis) greater than the transition multipolarity λ. Such hindered transitions can be classified according to the shortfall in λ compared to K, termed the forbiddenness and defined by ν = | K| − λ. It is found empirically that the strengths of K-forbidden transitions typically decrease by a factor of 50-100 or more per unit of forbiddenness [3] . This leads to the concept of a reduced hindrance f ν = F 1/ν (with F being the hindrance compared to the Weisskopf single-particle estimate) that typically ranges from 30 to 200 in nuclei where K is well conserved.
Even in well-deformed nuclei with axial symmetry, transitions with low reduced hindrances can arise from various forms of K mixing, such as chance degeneracies with isolated collective states [4] [5] [6] [7] , Coriolis effects [4] , or mixing with random states in regions of high level density [8] . Tunneling through the potential barrier in the triaxial degree of freedom has also been proposed to explain low hindrance values [9, 10] . The authors of Ref. [2] predict the presence of K isomers in neutron-rich A ≈ 190 nuclei, but they note that proximity to the edge of the well-deformed region may mean that they are γ -soft (see, for example, Ref. [11] ), implying nonconservation of K and lower hindrances.
Tungsten isotopes near the neutron midshell are well studied, with K isomers identified in a range of nuclei [12, 13] . Less is known about the neutron-rich isotopes that are difficult to access, with only two isomers observed in the heaviest stable isotope, 186 W [14] . The higher lying of these is long-lived * Present address: Nuclear Physics Research Division, RIKEN Nishina Center for Accelerator-based Science, 2-1 Hirosawa, Wako, Saitama, Japan, 351-0198.
(τ > 1 ms), but its spin and parity are unknown. The strongest branch from the lower-lying 7 − , 26-µs isomer has f ν = 10, a rather low value that may indicate γ softness. In 188 W, the first even-even nucleus beyond stability, only limited information is available for moderate spin states [15] , and no isomers had been identified previously.
The discovery of a long-lived isomer in 190 W [16] , produced in a fragmentation reaction, resulted in considerable interest [17] [18] [19] , both because of the properties of the isomer and the unusual sequence of yrast states populated in its decay. The energies of the 2 + and 4 + yrast states have since been confirmed in β-decay studies [20] , together with the tentative assignment of a low-lying 2 + 2 state that was interpreted as evidence for increased γ softness [20] . However, the isomeric state itself has not yet been identified. The original speculation [16] was that it might have the same configuration as the K π = 10 − isomers known in the even-even osmium isotopes [21, 22] . These states have long lifetimes (τ > 1 s) but decay via transitions with small reduced hindrances (f ν < 10), an indication of possible triaxiality. The anomalous E(4 + )/E(2 + ) ratio observed in the ground-state band of 190 W has also prompted an interpretation involving shape coexistence [17] , with the long-lived state perhaps being a shape isomer [18] .
In higher-fold coincidence events were collected only in the beam-off period. The event time within the beam-off period was recorded with a microsecond clock. In the analysis, γ -ray coincidence events were incremented into a "Blue" database [23] from which various types of coincidence histograms could be projected, with arbitrarily complex gates on γ -ray energies and times. Figure 1 provides partial level schemes for 188 W and 190 W deduced from the present data, focusing on the new isomeric states and their main decay paths. (Full-level schemes will be published elsewhere [24] .) Each nucleus was populated in both target bombardments, providing an independent check on the assignments. However, the highest yield of 188 W was obtained with the 186 W target (addition of two neutrons), whereas the highest yield of 190 W was obtained with the 192 Os target (twoproton removal).
Evidence for a new isomer at 1929 keV in 188 W can be seen in the out-of-beam coincidence spectrum in Fig. 2 (a) that shows the known low-spin transitions in 188 W [15] , together with new γ rays at 184 and 401 keV (see also Ref. [20] ) that comprise the main decay path from the isomer toward the known octupole band. A lifetime curve for the isomer is given in Fig. 3(a) . The octupole band is extended to a 7 − state at 1731 keV and a second 7 − level is identified, close in energy at 1746 keV, with a very similar decay pattern. The total conversion coefficient for the 184-keV transition was deduced from a delayed intensity balance. The value of 0.77 (6) [16] identified transitions in the ground-state band that were fed by a higher-lying isomer with 30 µs < τ < 3 ms. More recent work by the same collaboration [25] suggested an isomer lifetime of τ = 152(32) µs and a rearrangement of the previous level scheme above the 6 + level was proposed, including (assumed) direct observation of the isomeric state. A substantially different level scheme is established here (Fig. 1) , with a cascade of two isomers feeding the ground-state band.
The coincidence spectra in Figs. 2(b) and 2(c) confirm and extend the ground-state band in 190 W and identify a new state at 1742 keV with 102-and 694-keV decay branches. [The 228-and 436-keV γ rays seen in Fig. 2(b) are observed to be delayed, and they appear to feed above the 6 + level. There are also indications of a higher-lying isomer with a lifetime of ∼400 ns. Neither of these features is shown in Fig. 1 .] The intensity balance for the 102-keV γ ray gives a total conversion coefficient of 4.3 (13) , to be compared with expected values of 0.36 for E1, 4.50 for M1, 3.62 for E2, and 40 for M2 multipolarity. This implies that the 102-keV transition is either M1 or E2. Together with the observation that the 102-and 694-keV γ rays are not likely to have the same multipolarity, since their measured branching ratio shows only a moderate favoring of the higher energy transition (see Table I ), this leads to an 8 + assignment for the 1742-keV state. (Alternative 6 + , 7 + , 9 + , or 10 + assignments would result in one branch being much more strongly favored, contrary to the measured intensity ratio.) + isomer. The measured time difference between these γ rays and those from the ground-state band is used to deduce a lifetime of 160(24) ns for the isomer [see Fig. 3(c) ]. The 324-356-keV cascade that is placed on the 8 + , 1742-keV state is only observed in-beam, with no indication of delayed feeding. The intensity of the ground-state band transitions as a function of time in the out-of-beam region for data collected with a 40/400-µs beam chopping ratio is shown in Fig. 3(d) . The deduced lifetime of 240(8) µs for the long-lived isomer can be compared with the less precise value of 152(32) µs reported in Ref. [25] .
The decay from the 240-µs isomer was isolated by selecting γ rays that precede the 8 + , 160-ns isomer but are still emitted in the out-of-beam region. spectra. (Lines marked as contaminants are only seen in some of the gates.) Since there is only a single transition present in the spectrum, the observed x-ray yield can be used to deduce a conversion coefficient for the 97-keV transition. The value obtained of α T = 33 (13) [26] , using the Lipkin-Nogami formalism for nuclear pairing with strengths G ν = 18 MeV/A and G π = 20.8 MeV/A, and correcting for empirical residual interactions. The calculations follow the methods of Ref. [27] , but without adjustment of the single-particle levels. These should indicate general trends, if not precise excitation energies. [14] . Indirect evidence that the two-neutron configuration is the correct assignment was presented in Ref. [28] , although this has been questioned recently [29] . For 188 W, the multiquasiparticle calculations of Ref. [15] [15] , but lying lower in energy (1787 keV) in the present calculations (Fig. 4) . This assignment is supported by the measured cascade to crossover branching ratios in its rotational band. These give a large value of |g K − g R | = 0.76(4) (assuming g R = 0.3 and Q 0 = 6.5 e b estimated from the moment of inertia of the ground-state band), in good agreement with the value of 0.70 expected from the Nilsson model. [4, 7] is that the branching ratio of the 209-and 401-keV transitions from the 1746-keV state should reflect the same collective and single-particle properties as are obtained from the cascade to crossover intensity ratios within the octupole band. The value of |
| measured for the 2 − band is 0.028(3), in good agreement with the implied value of | g K −g R Q 0 | = 0.022(9) obtained from the 209/401-keV branching ratio. This mixing means that the 198-keV transition proceeds via a K-allowed admixture, and it also explains the short lifetime for the 1746-keV level compared to that of the 26-µs, 7
− state in 186 W with the same configuration. Using the methods described, for example, in Refs. [4, 5, 7] , and assuming that the 198-keV transition only occurs due to a K = 7 component in the wave function of the 1731-keV state, a 1.5% admixture of the K π = 7 − state into the mixed 1731-keV state can be deduced. The interaction strength between the levels can then be calculated from the expression |V | = αβ E, where the separation of the mixed-state energies E is known and α = 0.1222 and β = 0.9925 are the mixed-wave-function amplitudes. The deduced interaction of |V | = 1.7 keV agrees with the expectations for K = 5, as cataloged recently in Fig. 4 
